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(-^} Disclosed is a thermoplastic resin connposition comprising 

(A) an aromatic polyamide comprising 

dicarboxylic acid units comprising 50-100 mol°o of units derived from terephthalic acid, and 0-50 mol°o of 
units derived from an aromatic dicarboxylic acid other than terephthalic acid and or an aliphatic dicarboxylic 
acid having 4-20 carbon atoms, and 

diamine units derived from an aliphatic diamine and or an alicyclic diamine, 

said aromatic polyamide having an intrinsic viscosity of 0.5-3.0 dl g as measured in cone, sulfuric acid at 
30 ° C and a melting point of higher than 300 ' 0, 

(B) a graft modified a-olefin polymer, and or a graft modified aromatic vinyl hydrocarbon conjugated diene 
copolymer or hydrogenated product thereof, and 

(C) an aliphatic polyamide, 

wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft modified a- 
olefin polymer, and or the graft modified aromatic vinyl hydrocarbon conjugated diene copolynner or hydroge- 
nated product thereof (B) and 5-80 parts by weight of the aliphatic polyamide (C). based on 100 parts by 
weight of the aromatic polyamide (A). 
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FIELD (JF THE INVENTION 

Tht' presef^t invention roiates to a r^ovel tr^or fmopiastic rosin cofT^ position, and its uso ^or ccnnootors 
The pft'^t£-nt mventiorn re'lates nnore in detail to a thermoplastic \cs\n cofupcsitiof^ particular 'y suitable for the 
pfeoaratiC'H of molded articles such as connecters espf-jcially for automooiles ex[nit:iting a lowered tougn- 
ness decrease when heated. 

BACKGROUND OF THE INVENTION 



-J Conntjctors u-^ed as connection terriiinals, etc.. r^f e-ectnc circuits have heretofc^re been manufactured 

from thermosetting resins such as phenol resiris. However, theirmoplastic resrns which can be easily molded 
have rei:ently come to be used in place of the thermosetting resins. Such tfierrTioplastic resins include 
aliphatic polyamides such as polycaprannide (nylon 6) an^il polyheomethyleneadipamide (nylon 66). 

Such aliphatic polyamides. however, have a high water absorption, and as a result those connectors 

■ 5 molded fr.Dm the aliphatic polyamides vary their dimension and electric resistance when they absorb water 
The^re has been such a problem that the connectors canrK't easily be installed in devices when a warpage is 
fornned in the connectors. 

Aromatic polyamides have also been known as oolyamides tn addition to the aliphatic pC'lyamides as 
mentioned above. The aromatic polyamides comprise aromatic dicarboxylic acid recurring units as dicar- 
20 bo>ylic acid recurring units, and are obtained by the polycondensatton of ari^matic dicarboxylic acid and 
diamine. 

In contrast with the aliphatic polyamides, the aromatic polyamides have a low water absorption 
Accordingly, there can be solved the above-mentioned problems such as lowering of dimensional accuracy 
and variation in electric resistance of connectors caused by their water absorption when the aromatic 
25 po'yamides are used. 

Further detailed investigation of the connectors molded from the aromatic polyamides, however, has 
revealed that the aromatic polyamides are sometirmes thermally deteriorated when the connectors are 
e- posed to a high temperature. As the result of the thermal deterioration, the connectors sometimes lower 
their touglmess. Those connectors having lowered their toughness conne to have a decreased stretchability . 

30 and as a result there arises a problem that the connectors cannot be smoothly installed in devices. 

Recently, electronic parts such as connectc^rs are often installed tn (devices by soldering using an IR-ray 
refiiDw method, etc., and a decrease in toughness of the connectors caused by heating induces lowering of 
operability in the assemblage step of devices an-j a decrease in durability thereof. The 'r.onnectors 
especially tend to lower their toughness when used repeatedly heating and coc'ling, such as in automobile 

35 engine rooms. 

Under these circumstances, various attempts nave been made to impr^Dve the drawbacks of the 

polyamides as iTientioned above. A composition disclosed in Japanese Patent L-O-P No. 144362 1985 can 

be mentioned as an example of the improved aromatic polyamide. Concretely, the composition comprises 

arijmatic polyamide and specific modified a-olefin elastic polymer 
40 The aromatic polyamide composition disclosed above is designed for general-purpose articles with 

repect to heat resistance The properties of molded articles such as automobile connectors exposed to a 

very high temperature were not considered. 

An attempt has also been made to improve the properties of aromatic polyamides by incorporating 

aliphatic polyamides thereinto (refer to, for example, Japanese Patent L-O-P No. 57458. 1987). 
45 Such incorporation of aliphatic polyamides into the aromatic polyamides, however, has proved to be 

relatively ineffective in decreasing toughness lowering caused by heating moldec articles formed therefrom. 

OBJECT OF THE INVENTION 



50 An object of the present invention is to provide a thermciplastic resin composition capable of forming 

molded articles tending not to lower their toughness when heated and having excellent impact strength and 
heat resistance. A further object of the present invention is to provide a thermoplastic resin composition 
especially suitable for forming connectors. 

55 SUMMARY OF THE INVENTION 



A first embodiment of thermoplastic resin composition of the present invention comprises 
(A) an aromatic polyamide comprising 
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dicarboxylic acid units comprising 50-100 mol°o of units derived fronn terephthalic acid, and 0-50 
nnol% of units derived from an aromatic dicarboxylic acid other than terephthalic acid and or an aliphatic 
dicarbo<ylic acid having 4-20 carbon atoms, and 

diamine units derived from an aliphatic diamine and or an alicyclic diamine, 
5 said aromatic polyamide having an intrinsic viscosity of 0.5-3.0 dl g as measured in cone, sulfuric 

acid at 30 ° C and a melting point of higher than 300 ' C, 

(B) a graft modified a-olefin polymer, and. or a graft modified aromatic vinyl hydrocarbon conjugated 
diene copolymer or hydrogenated product thereof, and 

(C) an aliphatic polyamide, 

10 wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft modified 

a-oiefin polymer, and or the graft modified aromatic vinyl hydrocarbon conjugated diene copolymer or 
hydrogenated product thereof (B) and 5-80 parts by weight of the aliphatic polyamide (C), based on 100 
parts by weight of the aromatic polyamide (A). 

A second embodiment of thermoplastic resin composition of the present invention comprises 
15 (A) an aromatic polyamide comprising 

dicarboxylic acid units comprising 50-100 mol% of units derived from terephthalic acid, and 0-50 
mol% of units derived from an aromatic dicarboxylic acid other than terephthalic acid and or an aliphatic 
dicarboxylic acid having 4-20 carbon atoms, and 

diamine units derived from an aliphatic diamine and or an alicyclic diamine, 
20 said aromatic polyamide having an intrinsic viscosity of 0.5-3.0 dl g as measured in cone, sulfuric 

acid at 30 ' C and a melting point of higher than 300 ' C, 

(B) a graft modified a-olefin polymer, and.or a graft modified aromatic vinyl hydrocarbon/conjugated 
diene copolymer or hydrogenated product thereof, 

(C) an aliphatic polyamide, and 
25 (D) a phosphorus antioxidant 

wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft modified 
a-olefin polymer, and or the, graft modified aromatic vinyl hydrocarbon/conjugated diene copolymer or 
the hydrogenated product thereof (B) and 5-80 parts by weight of the aliphatic polyamide (C), based on 
100 parts by weight of the aromatic polyamide (A), and 0.05-2 parts by weight of the phosphorus type 
30 antioxidant (D) based on 100 parts by weight of the total sum of the components (A), (B) and (C). 

Furthermore, the present invention provides a thermoplastic resin composition for connectors compris- 
ing the first or second thermoplastic resin composition. 

The thermoplastic resin composition of the invention is capable of forming molded articles excellent in 
heat resistance and mechanical properties especially impact strength. 
35 Connectors molded from these resin compositions come to have such characteristics as tending not to 

lower their toughness, for example, even when they are exposed to 150°C or more over a long period of 
time. 

DETAILED DESCRIPT ION OF THE INVENTION 

40 ~ — — 

The thermoplastic resin composition of the invention is concretely illustrated hereinafter. 

The first embodiment of thermoplastic resin composition of the invention comprises a specific aromatic 
polyamide (A), a specific graft modified a-olefin polymer (B) and an aliphatic polyamide (C) as shown 
below. 

45 The aromatic polyamide (A) of the composition of the invention comprises 

specific dicarboxylic acid units [a], and specific diamine units [b]. 

The dicarboxylic acid units [a] of the polyamide comprise terephthalic acid units (a-1) as essential 
recurring units The recurring units containing terephthalic acid units (a-1) can be represented by the 
formula 




[I-a] 



55 GO 

wherein R' represents a bivalent hydrocarbon group, preferably an alkylene group having 4 to 18 carbon 
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ate ms. 

The 01 car boxy lie aciO ur")its [a] are not reauireci to be Ofitiroly composed of the tor eph thai ic acid uriits 
' Cf:r eser^.tod .n the above-moritioneo fcrmiiia [l-a], but may ccctain other dicarboxyhc acic i-nits n piace cf 
part of The lerephthahc acid units (a-l ) as described above 

The dicarboxyiic acid untts other than terephthalic acid units fr^clude aromatic dicarboxyiic acid units (a- 
2) other t^^an terephthalic acid units ana aiip'hatic dicarboylic acid units ia-3). 

Examples of the aromatic dicarboxyhc acid untts (a-2) other than terephthalic acid units include 
isophthalic acid units. 2-methylterephthalic acid units and naphthalenedicarboxylic acid units. When the 
potyamide used m the present invention contains acid units derived from an aromatic dicarboxyiic acid 
other than terephthalic acid, iscphthalic acid untts are particularly preferable. 

The recurring units comprising the isophthalic acid units m the inventton can be represented by the 
forrTiula 




[I-b] 



wherein R' represents a bivalent hydrocarbon group, preferably an alkylene group having 4 to 18 
carbon atoms. 

The aliphatic dicarboxyiic acid units (a-3) are derived from an aliphatic dicarboxyiic acid having an 
alkylene group of usually 4 to 20 carbon atoms, preferably 6 to 12 carbon atoms. Examples of the aliphatic 
25 dicarbo<ylic acid used for deriving the aliphatic dicarbc-ylic acid units {a-3) include succinic acid, adipic 
acid, azelaic: ac:id and sebacic acid. 

When the polyamide of the invention contains aliphatic dicarboxyiic acid units, particularly preferable as 
the acid units are adipic acid units and sebacic acid units 

The recurring units containing the aliphatic dicarbo<ylic acid units (a-3) can be represented by the 
30 formula 



-NH-R*-NH-C— e CH.-i — C 
II n II 



0 



II J 



wherem R' is as defined above, n is an integer of usually 2 to 18, preferably 4 to 10. 
As described above, the recurring units of the present polyamide comprise the dicarboxyiic acid units 
[a] and diamine units [b], 

40 The diamine units [b] can be derived from an aliphatic alkylenediamine having 4 to 18 carbon atoms 

and or an alicyclic diamine. 

Concrete examples of the aliphatic alkylenediamine units can be derived from 1 .4-diaminobutane, 1.6- 
diaminohexane, trimethyl-1 ,6-diaminohexane, 1 ,7-diaminoheptane. 1 ,8-diaminooctane, 1 .9-diaminononane. 
1 , 1 0-diaminodecane, 1 , 1 1 -diaminoundecane and 1 ,12-diaminododecane. Moreover, concrete examples of 
45 the alicyclic diamine can be derived from diaminocyclohexane. 

Of these, preferred are 1 ,6-dtaminohexane, 1 ,8-diaminooctane, 1 ,10-diaminodecane, 1,12-dia- 
monododecane and mixtures of these. Furthermore, of these. 1 ,6-diaminohexane is particularly preferred. 

The dicarboxyiic acid units (100 mol%) of the aromatic polyamide (A) comprise 50-100 moi% of the 
terephthalic acid units (a-1), 0-50 mol% of the aromatic dicarboxyiic acid units (a-2) other than terephthalic 
50 acid units and or the aliphatic dicarboxyiic acid units (a-3). 

Furthermore, the dicarboylic acid units may also comprise units derived from a polybasic carboxylic 
acid having a basicity of at least three, such as tnmellitic acid or pyromellitic acid in a small amount m 
addition to the above-mentioned recurring units. The amount of such a polybasic carboxylic acid untts is 
usually 0 to 5 mol°o. 

5.5 The aromatic polyamide used in the invention has an intrinsic viscosity [tj], as measured in cone 

sulfuric acid at 30' C. of usually 0,5 to 3.0 dl g, preferably 0.5 to 2.8 dl g and especially 0.6 to 2.5 dl g. The 
content of an ammo group in the aromatic polyamide of the invention ts usually 0.04 to 0.2 mill equivalent g. 
preferably 0.045 to 0.15 mill equivalent g and especially 0.05 to 0.1 mill equivalent g as quantitatively 
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10 



25 



determined by neutralizing titration with p-toluenesulfonic acid in a m-cresol solution. 

Still furthernnore, the aromatic polyamide (A) used in the present invention may be a mixture of an 
aromatic polyamide compnsing recurnng units represented by the above formula [l-a] as mam recurring 
units, and an aromatic polyamide compnsing recurring units represented by the above formula [1-b] as 
main recurring units. In this case, the amount of the aromatic polyamide comprising recurnng units 
represented by the formula [l-a] as mam recurnng units ts usually at least 50% by weight, preferably at 
least 60% by weight. 

The aromatic polyamide used in the invention has a melting point higher than that of conventionally 
used aliphatic polyamides. That is to say, the aromatic polyamide used in the invention has a melting point 
exceeding 300 °C. Those aromatic polyamides having a melting point of preferably 305 to 340 °C, more 
preferably 310 to 340' C are significantly excellent in heat resistance. Moreover, the amorphous part of the 
aromatic polyamide used in the invention has a glass transition temperature of usually 80'C or more. 

Molded articles formed from a thermoplastic resin composition containing the aromatic polyamide 
having a meltmg point and a glass transition temperature at its amorphous part m the range as mentioned 
15 above are prevented from becoming in a molten state even when exposed to high temperature. Further, the 
aromatic polyamide as descnbed above has excellent moldability, and therefore manufacture of molded 
articles becomes easy when the aromatic polyamide is used In addition, the aromatic polyamide has a 
glass transition temperature of at least 80^ C at its amorphous part, and as a result tends to form no cracks. 
The aromatic polyamide as described above has a specific structure, and accordingly shows a low 
20 water absorption, whereas conventional aliphatic polyamides show a high water absorption. 

It has been found that the aromatic polyamide as mentioned above tends to have low toughness 
compared with aliphatic polyamides. though the aromatic polyamide is excellent in heat resistance and 
water abosorption. That is. there anse such problems that molded articles obtained from the aromatic 
polyamide have insufficent elongation and are bnttle. Automobile parts are in particular required to have a 
high reliability level, and therefore it ts an important point to improve the toughness of the aromatic 
polyamide. 

The resin composition of the invention comprises a graft modified a-olefin polymer and/or a graft 
modified aromatic vinyl hydrocarbon/conjugated diene copolyrTier or hydrogenated product (B) thereof. 

The graft modified a-olefin polymers used in the present invention include a graft modified product of a 
crystalline polyolefin, and a graft modified a-olefm random elastic copolymer. 

Examples of the cr-ystalline polyolefin used for the preparation of the graft modified product of a 
crystalline polyolefin include homopolymers of a-olefins having 2 to 20 carbon atoms and copolymers of 
these a-olefins Concrete examples of the crystalline polyolefin include polyethylene, polyproyiene, linear 
low density polyethylene (LLDPE), very low density linear polyethylene (VLDPE), polybutene-1 , 
35 polypentene-1, poly-3-methylbutene-1 and poiy-4-methylpentene-1 . Those polyolefins mentioned above 
have a relatively high crystallinity. 

The graft modified a-olefin polymers can be obtained by graft modifying the crystalline polyolefins by a 
procedure similar to that described later. 

The graft modified a-olefin random elastic copolymer used in the invention is a graft modified product 
40 of a copolymer in which two kinds of recurring units denved from different a-oiefins are randomly arranged. 

The graft modified a-olefin random elastic copolymer is a low crystalline or amorphous copolymer, and 
is preferably substantially amorphous. That is, the copolymer has a crystallinity of not greater than 10%, 
preferably not greater than 5% and especially 0% as measured by X-ray diffraction. Accordingly, many of 
the graft modified a-olefin random elastic copolymers show no definite melting point. Moreover, as a result 
45 of the low crystallinity. the graft modified a-olefm random elastic copolymers are soft. The elastic copolymer 
has a tensile modulus of usually at least 0.1 to less than 20000 kg cm^, preferably 1 to 15000 kg/cm^ 

The graft modified a-olefm random elastic copolymer has a melt index of usually 0.1 to 30 g 10 mm, 
preferably 1.0 to 20 g/IO mm and especially 2.0 to 15 g lO min as measured at 190 = C. Further, the 
copolymer has a Mw/Mn ratio of usually not greater than 5.5, preferably not greater than 4.5 and especially 
not greater than 3.5 as measured by GPO. 

Furthermore, the graft modified a-olefm random elastic copolymer has a glass transition temperature 
(Tg) of usually -150 to +50^C, preferably -80 to -20'C, an intnnsic viscosity M of usually 0.2 to 10 dig. 
preferably 1 to 5 di g as measured in decalin at 135 = C, and a density of usually 0.82 to 0.96 g cm^ 
preferably 0.84 to 0.92 g cm^. 

55 Concrete examples of the graft modified a-olefin random elastic copolymer having properties as 
described above include 

a graft modified ethylene a-olefin copolymer rubber (i), and a graft modified propylene a-olefm 
copolymer rubber (li). 
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The graft r-noaifieo eti^y efie ^i-O'eiu^ -iC'pO'yrner -ohLt'r (d ^xr.c grart 'iicoifieij onp^^'ore u-c-\o^-r 
copoiyriief rubber (Mi are iiiostrato.:l ri^cre ^r. detaii beiow as typica' e^af^ipies of tne graft rT^ooifi eel L^-clef;n 
fandom e astic cooo'yn^er described above 

a-Ole*in havini^ usually 3 to 20 carbon atorTis is used as the u-olefirn of the above-fineniioned graft 
h a-od f'L-d ethylene a-oiefm copolymer rubber (p. Examples of the a-olefm include prcpy'ene. butene-1. 
penter^e-1, hexene-l. 4-rTiethylpentene- 1 . oetene-l decene:-1 and mixtures of these cormpounds Of these 
compounds, propyler^e andcr butene-i are partieularly preferable, 

a-Olefm havini^ usually 4 to 20 carbon a^.onns is used as the a-olefin of the above-mentioned graft 
fT^C'dified propylene a-ole-fin cooolvmer rubber (w). Examples C'f the a-C'iefin include butene-1, pentene-1, 
w lici<enc'-l 4-methylpentene- 1 . octene-i. decer'ie-l and nnixtures of these compounds. Of these compounds, 
bu:ene-1 'S particularly preferable. 

In the graft modified ethylene a-cilefin copolymer rubber (i) as mentioned above, the molecular ratio 
(r-i-thy lene a-olefin) of ethyier^e to a-olefin is generally 10 90 to 99 1 . preferably 50 50 to 95 5, though the 
rTiolect.iiar ratio diffO'S depending on *he kind of a-olefm. The molecular ratio is preferably 50 50 to 90 10 
;5 when the a-olefin is propyler^e. and 80 20 to 95 5 when the a-olefin nas al least 4 carbon atoms. 

Examples of the ethylene u-oiefm copolymer used for the graft mc^dified ethylene a-olefin copoiyrTier 
rubber (i) include bir^ary copolymers such as ethylene propylene copolymer, ethylene butene- 1 copolynner, 
ethylene 4-methylper^tene-1 c:opolymer, ethylene hexene-1 copolymer, ethylene octene-l copolymer and 
t tnylerie decene-1 copolymeir: and 
20 terpciymer copolymers such as ethylene pr'Dpylene 1 .4-hexadiene copolymer, 

ethyler^e propylene Gicyclopentadiene copolynner. ethylene propylene 5-ethy(idene-2-norbornene copolymer, 
ethylene propylene 2, 5-norbornadiene copolymer. ethylene butene-1 dicyclopentadiene copolymer, 
ethyler^e butene-1 r4-he<adiene copolymer and ethylene butene-1 5-ethylidene-2-nobornene copolymer. 

In the graft modified propyle.ne a-olefin cc'polymer rubber (ti), the molecular ratio (propylene a-olefin) of 
?s propylene to a-olefm ts preferably 50 50 to 95 5, though the molecular ratio differs depending on the kind of 
a-olefin The molecular ratio is preferably 50 50 to 90 10 when the a-olefin is butene-1, and 80 20 to 95 5 
when the a-olefin has at least 5 carbon atoms. 

The :.-olefin random copolymer may contain recurring units other than those derived from a-olefin, for 
example, recurring units derived from a diene so long as the recurring units dC' not tmpiair the characteristics 
30 C't the u-olefin random elastic copolynner, 

E-ampies of recurring units allowed to be contained in fhe a-olefin random elastic copolymer include 
rC'Curring units derived from a chain nonconjugated diene such as i .4-hexadiene, 1 ,6-octadiene. 2-methyi- 
1 5-he-adiene, 6-methyl- 1 ,5-heptadiene and 7-methyl-1 ,6-octadiene; 

recurring units derived from a cyclic: nonconjugated diene such as cyclohexadiene, dicyclopentadiene, 
3^. methyitetrahydroindene, 5-vinylnorbornene. 5-ethylidene-2-norbornene, 5-methylene-2-norbornene, 5- 
isoprC'py!idene-2-ncirbornene and 6-chtoromethyl-5-isopropenyi-2-norbornene; 

recurring units derived from a diene compound such as 2,3-diisopropylidene-5-norbornene, 2- 
C'thyli(Jono-3-isopropylidene-5-norbornene and 2-propenyl-2,2-norbornadiene; and 

recurring units derived from a cycloolefin. The a-olefin random elastic copolymer contains the diene 
40 rC'Curring units as mentioned above m an amount of usually not greater than 10 mol°o, preferably not 
greater than 5 mol^o. 

The graft modified a-olefin random elastic copolymer used in the present invention is prepared by graft 
rmodifying such an a-olefin random elastic copolymer as described above with an unsaturated carboxylic 
acid, an unsaturated carboKylic acid anhydride or an unsaturated carboxyhc acid derivative. 

■4^, Examples of the unsaturated carboxylic acid used herein include acrylic acid, methacrylic acid, a- 

ethylacryhc acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, tetrahydrophthalic acid, methyl- 
tetrahydrophthalic acid, endo-cis-bicyclo[2.2.1 ]hept-5-en-2.5-dicarbOKylic acid (trade name of nadic acid) 
arid methyl-endo-cis-bicyclo[2.2.1 ]hept-5-en-2,5-dicarboxylic acid (trade name of methylnadic acid) Suitable 
examples of the unsaturated carboxylic acid anhydride include maleic anhydride, citraconic anhydride, 

50 nadic anhydride and methylnadic anhydride. fVloreover. evamples of the unsaturated carboxylic acid 
derivative include halides (e.g., maleyl chloride), imides (e.g., maleimide) and esters (e.g., monomethyl 
maleate, dimethyl maleate and glycidyl maleate) of the above-mentioned unsaturated carboxylic acids. 
The graft modifiers as mentioned above can be used singly or m combination. 

Of 'he graft modifiers described above, preferred are unsaturated carboKylic anhydrides, and particu- 
55 tarly preferred is maleic anhydride or nadic anhydride, 

E.'amples of the method for graft polymerizing the a-olefin random elastic copolymers as mentioned 
above with the graft modifiers include 

a method (solution method) wherein an a-olefm random elastic copolymer is suspended or dissolved in 
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a solvent, and graft polyrTierizatton is carried out by adding a graft modifier to thei suspension or solution, 
and 

a method (melting method) wherein grafting reaction is earned out by melting a mi>ture of an u-olefin 
random elastic copolymer and a graft modifier. 
5 In such grafting reactions, the amount of graft modifiers to be used is determined in view of the 

reactivity tfiereof. In general, the graft modifier is used in an amount of 1 to 10 parts by weight based on 
100 parts by weight of the a-olefin random elastic copolymer. 

When the grafting reaction as described above is carried out, there can be obtained a graft modified a- 
olefin random elastic copolymer containing the graft polymerized graft modifier in an amount of usually 0.01 
w to 10 parts by weight, preferably 0.05 to 5 parts by weight based on 100 parts by weight of the a-olefin 
random elastic copolymer. 

The grafting efficiency in the grafting reaction can be improved by the use of a radical initiator. Known 
radical initiators such as organic peroxides, organic peresters and azo compounds can be used as the 
radical initiators. The radical initiator is used m an amount of 0.01 to 20 parts by weight based on 100 parts 
/5 by weight of the a-olefin random elastic copolymer. 

When a substantially amorphous graft nnodified ethylene, propylene random copolymer rubber or graft 
mc'dified ethylene a-olefin random copolymer rubber both containing 35 to 53 moTo of ethylene recurring 
units IS used, toughness lowering, caused by thermal deterioration, of the molded articles such as 
connectors can be efficiently decreased. 
20 The graft modified aromatic vinyl liydrccarbon conjugated diene copolymer or hydrogenated product 

thereof used for the composition of the invention is a graft modified product of a random copolymer or a 
block copolymer of an aromatic vinyl hydrocarbon and a conjugated diene. Moreover, in the present 
invention, there can be used a graft modified product of the hydrogenated product of these copolymers. 

Concrete examples of the aromatic vinyl hydrocarbon conjugated diene copolymer or hydrogenate(j 
25 product thereof used for the preparation of the modified product include styrene butadiene block copolymer 
rubber, styrene butadiene styrene block copolymer rubber styrene isoprene block copolymer rubber, 
styrene isoprene. styrene block copolymer rubber, hydrogenated styrene butadiene styrene block copolymer, 
hydrogenated styrene isoprene styrene block copolymer rubber and styrene butadiene random copolymer 
rul:)ber. 

30 In these copolymes, the molecular ratio (aromatic vinyl hydrocarbon-conjugated diene) of the recurring 

units derived from the aromatic vinyl hydrocarbon to the recurring units derived from the conjugated diene 
is usually 10 90 to 70 30. In addition, the hydrogenated copolymer rubber in the invention means a 
copolymer having double bonds remaining m the above-mentioned copolymer rubber partly or entirely 
hydrogenated. 

35 The aromatic vinyl hydrocarbon conjugated diene copolymer or hydrogenated product thereof has an 

intrinsic viscosity [/;] of usually 0.01 to 10 dig, preferably 0.08 to 7 dl g as measured in decaim at 135°C, a 
glass transition temperature (Tg) of usually not higher than 0°C, preferably not higher than -10° C and 
especially not higher than -20' C, and a crystallinity of 0 to 10%, preferably 0 to 7% and especially 0 to 5% 
as measured by an X-ray diffraction, 

40 The graft modified aromatic vinyl hydrocarbon conjugated diene copolymer used m the invention is 

prepared by graft modifying the unmodified aromatic vinyl hydrocarbon conjugated diene copolymer with an 
unsaturated carboxylic acid, an unsaturated carboxylic acid anhydride or an unsaturated carboxylic acid 
derivative m a similar way described above for preparing the graft modified a-olefm random elastic 
copolymer. 

45 E:^ampies of the unsaturated carboxylic acrd, unsaturated carboylic acid ar^hydride or unsaturated 

carbovylic acid derivative used in graft modifying include those compounds used m the preparation of the 
above-mentioned graft modified a-olefin random elastic copolymer. The graft modifiers as mentioned above 
can be used singly or in combination. 

Of these graft modifiers, preferred are the unsaturated carboxylic acid anhydrides, and particularly 
50 preferred is maleic anhydride or nadic anhydride. 

The solution method and the melting method illustrated in the modification of a-olefin random elastic 
copolymer as described above, and other methods can be adopted for graft polymerizing the above- 
mentioned copolymers or hydrogenated products thereof with such graft modifiers as described above. 

In the grafting reaction, the amount of the graft modifier to be used is determined in view of its 
55 reactivity. In general, the graft modifier is used in an amount of 1 to 10 parts by weight base^d on 100 parts 
by weight of the aromatic vinyl hydrocarbon conjugated diene copolymer or hydrogenated product thereof. 
In the grafting reaction, radical initiators such as organic peroxides, organic peresters and azo compounds 
can be used as described above in the above grafting reaction. 
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Whof" \r.e grafting reaction :s :arneci c.i as cioscnbea acove :^''0^e oan ce rctair-O';: a .^'att 'Tnc^:li*'(j':i 
aromatic vmyi ivy:ir ocarton conjugated dierie copciynner or nycrogenated proaijct thor-ecf oact^ ccrMaif^mg a 
grafted nnoaifier m an armount o* usually 0.01 to 10 parts by weight, prefer aoiy 0.05 to 5 parts by weignt 
based on 100 fiarts by weigfM of the aronnatic vinyl hydrocarbon conjugated diene copoiyrTier or l^ydroge- 
nated product thereof. 

The graft rr.cdified a-oiefm polyiTier such as the graft rT^odified u-otefm randcm elastic copoiyrT^er as 
mentioned above and graft modified aror^atic vinyl hydrocarbon conjugated diene oc-piolyrner or hydroge- 
nated product thereof (B) nnay be a graft modified product prepared obtained by modifying the copolymer 
by adjusting the- amounts of the unmodified polymer, modifier, etc. so that a desired modificaticn ratio is 
'0 obtained, or may be a graft nnodified product obtained by preparing a modified prciduc: having a high graft 
ratio at first, and then diluting the modifietj product with an unmodified polymer so that a desired i^raft ratio 
IS obtained. 

The graft mcdihed aromatic vinyl hydrocarbon conjugated diene copolymer or hydrogenated product 
thereof is a low crystalline or amorphous copolymer, and is preferably substantially amorphous. That rs. a 

15 crystallinity of a graft modified copolymer is not greater than 10°'o, preferably not greater than 7°o and 
especially not greater than 5°o as measured by X-ray diffraction. Moreover, a crystallimty of a graft modified 
copolymer having a crystallinity of substantially 0°o is preferred. Accordingly, many of the graft modified 
aromatic vinyl hydrocarbon conjugated diene copolymers or hydr.Dgenated product thereof exhibit no 
definite melting point. Furthermore, the graft modified aromatic vinyl hydrocarbon conjugated diene 

20 copolymers or hydrogenated products thereof are soft due to their low crystallinity, and have a tensile 
modulus of usually at least 0,1 to less than 20000 kg cm^, preferably i to 15000 kg i:m'C 

tn addition, the graft modified aromatic vinyl hydrocarbon conjugated diene copolymer or hydrogenated 
product thereof has a melt index of usually 0.1 to 30 g 10 mm. preferably 1.0 to 20 g 10 mm and especially 
2,0 to 1 5 g 1 0 r7-iin as measured at 1 90 ° C 

25 Furthermore, the graft modified aromatic vinyl hydrocarbon conjugated diene copolymer or hydroge- 

nated product thereof has a glass transition temperature (Tg) of usually -150 to -*-50°C. preferably -80 to 
-20 'C. and an intrinsic viscosity [??] of usually 0.01 to 10 di g, preferably 1 to 5 dl g as fTieasured m decalm 
at 135 = C 

When the graft modified aromatic vinyl hydrocarbon conjugated diene copC'lymer or hydrogenated 
30 product thereof as described above is used, a decrease in toughness caused by thermal deterioration of the 
resulting moldC'd articles such as connectors can be efficiently inhibited. 

In the present invention, the graft modified a-o!efin polymer and graft modified aromatic vinyl 
hydrocarbon ccmjugated diene copolymer or hydrogenated product thereof (B) can be used singly or m 
combination. 

35 The graft modified a-olefin polymer and or graft modified aromatic vinyl hydrocarbon conjugated diene 

copolymer or hydrogenated product thereof (B) may contain other polymers or copolymers so long as the 
other polymers or copolymers do not impair the characteristics of these resins. 

The thermoplastic resin composition of the invention contains 5 to 80 parts by weight of the graft 
modified a-olefin random elastic copolymer and or graft modified aromatic vinyl hydrocarbon conjugated 

40 diene copolymer (B) based on 100 parts by weight of the aromatic polyamide (A). It becomes possible to 
obtain molded articles showing a lowered toughness decrease caused by heating especially when the 
composition contains the graft modified copolyiTier (B) m an amount oi 10 to 70 parts by weight, preferably 
15 to 70 parts by weight, more preferably 25 to 50 parts by weight and particularly 25 to 40 parts by 
weight. 

45 The resin composition of the invention further comprises an aliphatic polyamide in addition to the 

above-mentioned aromatic polyamide and graft modified copolymer. 

The aliphatic polyamides (C) of the resm composition in the present invention include those formed by 
polycondensation of aliphatic dicarboxyhc acid and aliphatic diamine, those formed by ring-opening 
polymerization of lactam, and those formed from aliphatic dicarboxylic acid, aliphatic diamine and lactam, 

50 The polyamides as described above generally have a structure represented by the formula 

-CH^-CONH-CH.:-. 

Concrete examples of the aliphatic polyamides as mentioned above include polyamides formed from 
55 aliphatic diamine and aliphatic dicarboxyhc acid, such as polytetramethyleneadipamide, polyhe:^- 
amethyleneadipamide, polyhexamethy'enesuberamide. polyhe^-iamethylenesebacamide, polyhex- 
amethyleneundecamide, polyhexamethyleneundecamide and polyhxamethylenedodecamide; polyamides 
formed from lactam or aminocarbo<ylic acid, such as polycaprolactam, polyundecamide and poly- 
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dodecamide. 

Of these aliphatic polyamides as mentioned above, preferably are polycaprolactann, polyhex- 
annethyleneadipamide. polyhexamethylenesperanntde, polyundecamide and polydodecanrnde. 

Furthermore, the aliphatic polyamide (C) as mentioned above has an intrinsic viscosity M of usually 0 3 

5 to 4 dl g, preferably 0.4 to 3 dl g as measured in cone, sulfuric acid at 30' C. 

The thermoplastic resin composition of the invention contains 5 to 80 parts by weight of the aliphatic 
polyamide (C) as mentioned above based on 100 parts by weight of the aromatic polyamide. Especially, 
when the content of the aliphatic polyamide is 5 to 50 parts by weight, preferably 5 to 40 parts by weight, 
more preferably 5 to 30 parts by weight the resin composition is able to provide molded articles showing a 

w lowered toughness ciecrease when heated. 

The first embodiment of the thermoplastic resin composition of the invention comprising the aromatic 
polyamide (A), graft modified copolymer (B) and aliphatic polyamide (C) has a heat deformation tempera- 
ture (heat distortion point) of usually 70 to 150°C, preferably 80 to 120°C as measured under a load of 
18.6 kg, and therefore exhibits a very high heat resistance in spite of its thermoplasticity 

15 The heat resistance of the resin composition is further improved by incorporating thereinto a phos- 

phorus antioxidant (D). That is to say, the second embodiment of the thermoplastic resin composition of the 
invention comprises the aromatic polyamide (A), the graft modified copolymer (B), the aliphatic polyamide 
(C) and a phosphorus antioxidant (D). Generally, known antioxidants to be incorporated into resins include 
phosphorus antioxidants, phenolic antioxidants, amine antioxidants, sulfur antioxidants and aliphatic carbox- 

20 ylic acid stabilizers. Of these various antioxidants, the incorporation of phosphorus antioxidants improves the 
impact strength of the molded articles m the present invention. 

E^ampfes of the phosphorus antioxidant (D) contained in the second embodiment of the thermoplastic 
resin composition of the invention include 9,1 0-dihydro-9-oxa-1 0-phosphophenanthrene-1 0-oxide, trtphenyl 
phosphite, 2-ethylhexhyl phosphate, dilauryl phosphite, triisooctyl phosphite. tris(2.4-di-ter't-butylphenyl) 

25 phosphite, trilauryl phosphite, trilauryl dithiophosphite, trilaury! trithiophosphite, tnsnonylphenyl phosphite, 
distearylpentaerythntol diphosphite. tris(monononylphenyl) phosphite, tris(dinonylphenyi) phosphite, trioc- 
tadecyl phosphite, 1 , 1 ,3-tris{2-methyl-di-tndecyl phosphite-5-tert-butylphenyl)butane, 4,4'-butylidenebis(3- 
methyl-6-tert-butyl)tridecyl phosphite, 4,4'-butylidenebis(3-methyl-6-tert-butyl-ditridecyl) phosphite, bis{2.4- 
di-tert-butyiphenyl)pentaerythritol diphosphite, bis{2,6-di-tert-butyl-4-methylphenyl)pentaerythritol 

30 diphosphite. tetrakis (2,4-di-tert-butylphenyl)4,4'-bisphenylene diphosphonite, distearylpentaerythritoi 
diphosphite. tndecyl phosphite, tristearyl phosphite, 2,2'-methytenebis(4,6-di-tert-butylphenyl)octyl 
phosphite, sorbitol tnsphosphitedistearyl-mono-C: c-diol ester and bis(2,4,6-tri-tert-butylphenyl)pentaerythritol 
diphosphite Among these compounds, pentaerythritol diphosphite such as bis{2,4-di-tert-butylphenyl)- 
pentaerythritol diphosphite and bis{2,6-di-tert-butyl-4-methy!phenyl)pentaerythntol diphsophite, and tetrakis 

:?5 {2.4-di-tert-butylphenyl)4,4'-bisphenylene diphosphonite improve the heat resistance of rmolded articles 
when contained in the thermoplastic resin composition from which the molded articles are formed. 
These phosphorus antioxidants can be used singly or in combination. 

The phosphorus antioxidant (D) is used in an amount of 0.05 to 2 parts by weight based on 100 parts 
by weight of the total sum of the components (A), (B) and (C). The phosphorus antioxidant is used in an 
amount of preferably 0.1 to 1.5 parts by weight and especially 0.2 to 1.0 part by weight. 

The thermoplastic resin composition of the invention may be incorporated with other antioxidants m 
addition to the phosphorus antioxidant (D) as described above. Examples of these other antioxidants which 
can be used with the phosphorus antioxidant (D) include phenolic antioxidants, sulfur antioxidants and amine 
antioxidants. 

45 Examples of the phenolic antioxidant used in the invention include 3.9-bis{2-[3-{3-tert-butyl-4-hydroxy-5- 

methylphenyl)propionyl]-1 .1 -dimethylethyl}-2.4.8. 1 0-tetraoxaspiro[5.5]undecane, 2,6-di-tert-butyl-p-cresol, 
2,4,6-tri-tert-butylphenol, n-octadecyl-3-(4'-hydroxy-3'.5'-di-tert-butylphenyl)propionate, styrenized phenol, 4- 
hydroxymethyl-2,6-di-tert-butylphenol, 2,5-di-tert-butylhydroquinone, cyclohexylphenol, butylhydroxyanisole, 
2,2'-methyienebis{4-methyi-6-tert-butylphenol), 2,2'-methylenebis(4-ethyl-6-tert-butylphenol), 4,4'- 

50 isopropylidenebisphenol. 4,4'-butylidenebis(3-methyl-6-tert-butylphenol), 1 , 1 -bis{4-hydroxyphenyl)- 
cyclohexane, 4.4'-methylenebis(2,6-di-tert-butylphenol). 2.6-bis(2'-hydroxy-3'-tert-butyl-5'-methylbenzyl)-4- 
methylphenoLI .1 ,3-tris{2-methyl-4-hydroxy-5-tert-butylphenyl)butane, 1 ,3.5-trismethyl-2,4,6-tris(3,5-di-tert- 
butyl-4-hydroxybenzyl)benzene, tetrakis[methylene 3-(3,5-di-tert-butyi-4-hydroxyphenylpropionate]methane, 
tris{3.5-di-tert-butyJ-4-hydroxyphenyl) isocyanurate, tri s[;3-(3, 5-di-tert-butyl-4-hydroxy phenyl )- 

propionyloxyethyl] isocyanurate, 4.4'-thiobis{3-methyl-6-tert-butylphenol), 2,2'-thiobis(4-methyl-6-tert-butyl- 
phenol), 4,4'-thiobis<2-methyl-6-tert-butylphenol) and N,N'-hexamethylenebis (3,5-di-tert-butylphenol-4- 
hydroxycinnamamide. 

E-amples of the amine antioxidant include 4.4'-bis{a.a-dimethylbenzyl)diphenylamine, phenyl-a-naph- 
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y ' afT^ r e l y - .i - n n y ^ af^ i e . N.N'- d i c o n y i - p- p h en y ! e r O'll i ann i rn^ . TnI ' - i - - ao y I - p - p h - 

e n y i e eLi : ar^ I n e . r J -c y c i o e x y I - N ' - p ne n y i - o- ph e y ! e necl i am i r^e , N - ph e y i - N ' - 1 so c r o p y i - p- p h en y ! e ea i am i n e . 
aiac'i-Li-napnthy lafTiifie poiymt;r of 2,2.4-tf jnothy i- 1 .2-dihydroquinor^e and 6-etno.'y-2,2.4-trifmethyl-1 2- 
d I hydr oqu I no 1 1 r^e. 

FufthermorG. ovari^pies of tne sulfur antioxidant moiiide thiobis(^-naphthol), thiC'biSi N-phenyl- j-naphtfiy I- 
amme). 2-nnefL:aptobenzothiazole. 2-mercaptobenzcnmidaj ^le, dodecylmefcaptan, tt'traimothyithiuram mon- 
osuiftde, tetrarrethylthiuram disulfide, nickei dibutyldithiocarbamate, nickel iSiDprcipyi^ anthate, dilauryl 
thiodirpopionate and distearyl thiodipropionate. 

Tht'Se otfier ar-^tM:);<idants can be used singly or in combination. Of these otfier an*jo> idants. particularly 
'0 preferred is the use of phe^nolic antioxidants and amine antioidants in combination. 

Those ether antioxidants are used in an amount of usually not greater than 2 parts by weight, preferably 
0.1 to 1.0 part by weight based on lOO parts by weight of the totaS armount of the connpcnents (A). (B) and 
(C) 

ThC'ugh the thermoplastic resin composition of the invention comprises the specific poiyamide (A), graft 
modified copolymer (B), aliphatic polyarnide (C) and phosphorus antioxidant (D) as described above, the 
cc'rnposition of the invention may also be incorporated with additives such as inorganic fillers, organic fillers, 
thermal stabilizers weathering stabilcers. antistatic agents, slip-preventtve agents, antiblocking agents, anti- 
haze agents, slip agesnts, pigments, dyestuffs. natural oil. synthetic oil and wa.< so long as the incorporation 
dC'OS nc)t impair its properties, 

20 Suitable e,*amples of fibers used as the inorganic fille-rs include glass fibers, carbor^ fitters and boron 

fit'Ors. Of these fibrous fillers, particularly preferred are glass fibers. The composition C'f th.e invention shows 
innproved moldabiiity when glass fibers are incorporated thereinto, and the molded articles obtained from 
the thermoplastic resin composition have improved mechanical properties such as tensile strength, flexural 
strc^ngth and flexural modulus, and improved heat properties such as a heat deformation temperature. The 

2C' glass fibers as mentioned above have an average length of usually 0.1 to 20 mm, preferably 0.3 to 6 mm. 
an aspect ratio of usually 10 to 2000. preferably 30 to 600. It is preferable that those glass fibers having an 
average length and an aspect ratio in the ranges as mentioned above are used Such glass fibers as 
dG'Scrrbed above are used in an amount of usually not greater than 200 parts by wei-ght, preferably 5 to 180 
parts by weight, .more preferably 5 to 150 parts by weight based on 100 parts by weight of the resin 

30 ccm.ponent of the compcisition. 

In addition to the inorganic fibrous fillers as mentioned above, there can be used in the present 
invention fillers having various forms such as a powder form, a granular form, a platy form, a needle-like 
form, a cloth form and a mat form. E>:amptes of the fillers as mentioned above include 

inorganii: compounds in a powder form or platy form, such as silica, silica alumma, alumina, titanium 

jf. dioxide, talc. diatorTiaceous earth, clay, kaolin, glass, mica, gypsum, iron o-^ide red and zinc oxide; 
inorganic compounds in a needle-like form, such as potassium titanate, 

entirc'ly aromatic polyamides such as poly-p-phenyleneterephthaiamide, poly-m-phenylenetereph- 
thalamide, poly-p-phenyleneisophthalamide, poly-m-phenyteneisophthalamide, a condensation product of 
diaminooiphenyl ether and terephthalic acid (or isophthalic acid) and a condensation product of p-(or m)- 
40 arTiinobenzoic acid: 

entirely aromatic polyamidoimides such as a condensation product of diamtnodiphenyl ether and 
trimellitic anhydride c-r pyromellitic anhydride; 

entirely aromatic polyesters; 

entirely aromatic polyimides; 
45 heterocyclic nng-containing compounds such as polybenzimidazole and polyimidazophenanthrotine; and 

fabricated articles such as those formed from polytetraftuoroethylene in a powder form, a ptaty form, a 
fibrous form or a cloth form. 

Of these fillers, preferable are fillers in a powder form, and particularly preferable is talc. 

Two or more of these fillers may be used in combination. These fillers treated with a silane coupling 
50 agent or a titanium coupling agent may also be used. The fillers in a powder form have an average parttcie 
size of usually 0.1 to 200 urn. preferably 1 to 100 urn. 

The fillers in a powder form are used in an amount of usually not greater than 200 parts by weight, 
preferably not greater than 100 parts by weight and especially 0.5 to 50 parts by weight based on 100 parts 
by weight of the resin corTiposition. 
55 The resin composition of the invention may also be used with heat-resistant resins. Examples of the 

heat-resistant thermoplastic resin include PPS (polyphenylene sulfide). PPE (polyphenyl ether), PES 
(polyether sulfone). PEI (polyether imide) and LOP (liquid crystal polymer), and still further include modified 
products of these resins. Polyphenylene sulfide is particularly preferable in the present invention. The resin 
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composition of the invention contains such heat-resistant thermoplastic resin in an amount of usually less 
than 50°o by weight, preferably 0 to 40°o by weight, 

Connt.)Ctors e>cellent m heat resistance can be obtained when the resin composition contains the 
aliphatic polyamide (C) in an amount of usually 5 to 50 parts by weight, preferably S to 30 parts by weight 
5 based on 100 parts by weight of the above-mentioned aromatic polyamide (A), and the graft modified a- 
olefin polymer and or graft modified aromatic vinyl hydrocarbon conjugated diene copolymer or hydroge- 
nated product thereof (B) in an amount of usually 15 to 70 parts by weight, preferably 25 to 50 parts by 
weight based on 100 parts by weight of the total amount of the aromatic polyamide (A) and aliphatic 
polyamide (C). 

10 The thermoplastic resin composition of the invention can be prepared by mixing and melting the 

aromatic polyamide (A), the graft modified copolymer (B), the aliphatic polyamide (C), and optionally the 
phosphorus antioxidant (D). and if necessary additives and other resins. For example, the aromatic 
polyamide (A), the graft modified copolymer (B) and the aliphatic polyamide (C) are melted, and a 
phosphorus antioxidant, such fillers as described above if necessary, and other resins if required are 

15 incorporated into the resultant molten mixture followed by kneading to obtain the resin composition of the 
invention, in the above preparation, ordinary kneading apparatuses such as an e:<truder and a kneader can 
be employed, 

When kneading \s conducted as described above, the graft modified copolymer (B) and aliphatic 
polyamnje (C) are usually finely dispersed in the aromatic polyamide {A) to form a so-called polymer alloy. 

20 Mch.ied articles having a desired shape can be formed from the thermoplastic resin composition by a 

conventional melt molding method such as a compression molding method, an injection molding method 
and an extrusion molding method. 

For example, the resin composition of the invention is introduced to an injection molding machine 
having a cylinder preheated to about 350 to 300 ' C in a molten state, and injected into a mold of a 

25 predetermined shape to obtain moidcid articles. 

There is no particular limitation on the shape of molded articles manufactured from the thermoplastic 
resin composition of the invention. For e;<ample, electric tools, general industrial parts, machine parts such 
as gears and cams, and electronic parts such as printed circuit boards and housings for electronic parts ate 
manufactured from the thermoplastic resin composition of the invention. Moreover, the resin composition of 

30 the invention is appropriate for., a resin for molding automobile interior and exterior parts, engine room 
internal parts, automobile electrical parts, etc. 

The thermoplastic resin composition of the invention is especially highly useful as a resin for 
manufacturing connectors which mutually connect electronic circuits. That is. those connectors formed from 
the resin composition as described above, for example, by an injection molding exhibit a lowered toughness 

35 decrease after heating them once, as well as e;-(cellent heat resistance. Recently, electronic parts provided 
with such connectors are often soldered by an !R-ray reflow method, etc., and conventional connectors 
sometimes lower their toughness when heated by an IR-ray reflow method, etc. The elongation of the 
connectors lowers due to the lowering of toughness, and as a result connecting operation (fitting operation) 
for mutually connecting the connectors cannot be smoothly performed sometimes. Moreover, when the 

40 connectors are used m automobile engine rooms, they lower their toughness because of repeated heating, 
and also lower their durability Those connectors formed from the thermoplastic resin composition of the 
invention decrease their toughness lowering as described above, and maintain necessary elongation even 
when heated. As a result, connecting operation for connecting connectors mutually can be easily carried 
out. and the durability of the cc^nnectors is also improved. 

45 

EFFECT OF THE INVENTION 

The present invention provides a novel thermoplastic resin composition excellent in heat resistance, 
water absorption resistance, moldability, etc. 
50 Molded articles formed from the thermoplastic resin composition are excellent in heat resistance, and 

especially the elongation diffeience between the molded articles not heated and the molded articles once 
heated is small. That is to say, molded articles showing a low toughness decrease when heated can be 
obtained. 

Furthermore, when a phosphorus antioxidant is incorporated in the resin composition, the impact 
55 strength of the molded articles formed from the resin composition is improved. 

The thermoplastic resin composition of the invention can be appropriately used as a thermoplastic resin 
for molding connectors by utilizing such properties as mentioned above. 

The thermoplastic resin composition for connectors of the invention comprises an aromatic polyamide, a 
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fpecif'C ^ra't fT^ociifioa c : f:0'yri^or . an ai.pr^atic ^ yan^rr^e c-.rc^ ^fit.caiiy a phos:; r^cr ar^:<:-ioarM a 
specific pfOportion. and therefore the aecrease ir^ tcugnness cf the ccnr^ectors PeccrTies smai! even wnen 
:r^e cor^nectcrs are expcscLl to a nigh tornperature for exarTnpie. 1 50 ' C or nnore over a cr^g penC'rl of ^nne. 

Accordingly, the decrease m toughness of connectors formed fronn such a resm connposition beconnes 
sr^all even when Vie connectors are exposed to a considerably higin terrperatur e. for exarmple. wnen 
soldering by an IR-ray reflow method, etc. The connectors therefore can be satisfactorily installed m 
devices, and contact failure is difficult to occur 

When the resin i:onnpo3ition of the invention is usea for connectors, connectors having good toughness 
as described above can oe nnanufactured The connectors formed from the resin composition of the 
^o mvention are also ocellenr m mechanical strength and low water absorption which the aromatic polyamide 
nherently has. 

The present invention is illustrated below with reference to examples, but it should be construed that the 
present invention is m no way limited to the^se examples. 

75 Synthesis Example i 

Three different kinds of aromatic polyannides (polyamide A, polyamide B, polyamide C) were produced 
as described below, 

20 Production of aromatic polyamide A 



Into a reactor having a capacity of 1 liter were introduced 254 g (2.19 mols) of 1 .6-diaminohexane. 247 
g (1.49 mols) of terephthalio acid. 106 g of isophthalic acid, 0.45 g (4,25 - 10~^ mot) of sodium 
hypophosphite as a catalyst and 148 ml of ton-e>changed water, and they were reacted with for an hour at 
25 250 °C and a pressure of 35 kg cm^ after purging the reactor with nitrogen. The molecular ratio of 
terephthaiic acid to isophthalic acid was 70 30. 

After one hour, the reaction product thus formed was taken out of the reactor into a receiving vessel 
connected to the reactor kept at a pressure lower than that of the reactor by approK. 10 kg cm^ to obtain 
545 g of a polyamide precursor having an intrinsic viscosity [r?] of O.iO dl g as measured in cone, sulfuric 
30 acid at 30 ' C (the viscijsity being naeasured by the same procedure hereinafter unless otherwise noted). 

The polyamide precursor thus obtained was dried, and the dried polyamide prc-cursor was subjected to 
melt polymerization at a cylinder temperature of 330 ° C using a twin-screw e>:truder to obtain an aromatic: 
polyamide A 

The content of terephthaiic acid units is 70 mol °o and that of isophthalic acid units is 30 mol %, 
35 The physical properties of the aromatic polyamide are as follows: an intrinsic viscosity of 1.1 dig, a 

melting point of 325 °C and a glass transition temperature of 125'C. 

Production of aromatic polyamide B 



40 The procedure for the production of aromati': polyamide A was repeated except that adipic acid was 

used in place of isophthalic; acid with a mc)lecular ratio of terephthaiic acid to adipic acid of 55:45 to obtain 
an aromatic polyamide B. 

The content of tcirephthaltc acid units is 55 mol °o and that of adipic acid units is 45 mol '^o. 
The physical properties of aromatic polyamide B are as follows: an intrinsic viscosity of 1.1 dig, a 
45 melting point of 312' C and a glass transiticin temperature of 80° C, 

Production of aromatic polyamide C 



The procedure for the production of aromatic polyamide A was repeated except that sebacic acid was 
50 additionally used with a molecular ratio of terephthaiic acid to isophthalic acid to sebacic acid of 70:20:10 to 
obtain aromatic polyamide C. 

The content of terephthaiic acid units is 70 mol '^o. that of isophthalic acid units is 20 mol °o, and that of 
sebasic acid recurring units is 10 mol °o. 

The physical properties of aromatic polyamide C are as follows: an intrinsic viscosity of 1.05 dig. a 
55 melting point of 31 6 ' C and a glass transition temperature of 1 1 0 ' C. 

Synthesis Example 2 



12 



EP 0 488 335 A2 



Four different kinds of rT^odified (co)polymers (rtiodified elastic copolymer A. modified elastic copolymer 
B. modified elastic copolymer C, modified elastic copolymer D) were prepared as described below. 

Production of modified polymer A 

5 

To 5 kg of pellets of a high density polyethylene having an intrinsic viscosity M of 3.74 di g were added 
50 g of maleic anhydride dissolved in 25 g of acetone and 2 g of an organic peroxide {trade name of 
Perhe>ene 25B, manufactured by Nihon Yushi K.K.), and the contents were sufficiently mixed. The mixture 
was reacted in a molten state at a cylinder temperature of 250 °C, and pelletized using a twin-screw 
w extruder {trade name of PCM45, manufactured by Ikegai Tekko K.K.). 

The resin thus obtained contained 0.96% by weight of grafted maleic anhydride. 

Production of modified copolymer rubber 8 



75 An ethylene propylene copolymer rubber in which ethylene and propylene were copolymerized in an 

ethylene-to-propylene molecular ratio of 81:19 was prepared by a conventional method. The copolymer had 
an intrinsic viscosity M of 2.19 di g as measured m decalin at 135' C. 

The ethylene propylene copolymer rubber was reacted with maleic anhydride to obtain a maleic 
anhydride-graft modified ethylene propylene copolymer rubber containing 0.77% by weight of grafted 

20 maleic anhydride. 

Production of modified copolymer rubber C 



An ethylene propyiene ethylidenenorbornene copolymer rubber having an ethylene recurring unit con- 
25 tent of 78 mol%, a Mooney viscosity of 90 and an iodine value of 13 g.100 g was reacted with maleic 
anhydride to obtain a maleic anhydride-graft modified ethylene propylene ethylidenenorbornene copolymer 
rubber containing 0.86% by weight of grafted maleic anhydride. 

Production of modified copolymer D 

30 

A hydrogenated styrene butadiene styrene block copolymer (trade name of Kraton G1652, manufactured 
by Shell Chemical Co., Ltd., containing 29% by weight styrene recurring units) obtained by hydrogenating a 
styrene butadiene, styrene block copolymer was copolymerized with maleic anhydride to obtain a maleic 
anhydnde-graft modified hydrogenated styrene. butadiene styrene block copolymer containing 1.94% by 
35 weight of grafted maleic anhydride. 

Synthesis Example 3 



Nylon 6 {NY 6, trade name of CM1021, manufactured by Toray K.K.), Nylon 11 (NY 11, trade name of 
40 Rinsan BMNO, manufactured by Toray K.K.) and Nylon 610 {NY 610, manufactured by Daicel Hulles K.K.) 
were prepared as commercially available aliphatic polyamides (nylon) for the following examples. 

Example 1 



45 A mixture of 60 parts by weight of polyamide A produced in Synthesis Example 1 , 20 parts by weight of 

graft modified-copolymer B produced in Synthesis Example 2 and 20 parts by weight of nylon 11 {NY 11) 
described in Synthesis Example 3 was kneaded, and pelletized. 

Test pieces of ASTM type IV 2 mm in size were formed from the pellets thus obtained, and tensile 
strength at break (TS) and elongation at break (namely, toughness, EL) were 

50 

measured on these test pieces. 

Subsequently, test pieces formed by the same procedure as mentioned above were heated at 1 50 ' C 
for 24 hours, and tensile strength at break (TS) and elongation at break (namely, toughness, EL) were 
55 measured. 

The results are shown in Table 1. 

Example 2 
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E-^afTTpie 1 A' a 5 fOpeaied u<copt that the rmivifig annoL.r.ts of pc-,amiLle B, graft rTicdifioc polymer B 
and nylon 11 (NY 11) .vere 'ihangecl to ^0 parts by weight, 20 parts hy weight and 10 oarts by weight, 
lespeotiveiy . to oh^an^ po^ ets. Tost pieoos were ^jnTiea from tne peiiets. ar^d ter^sile stiength at break (TS) 
and elongation at break (Eb) were measured on the test pieoes. 
0 The results are strewn m Table 1. 

Example 3 

Exarnnple 2 was repeated except that modified polymer A was used m place of graft modified copolymer 
'0 B to cttain pellets. Test pieces were formed from the pellets, and tensile strength (TS) and elongation at 
break (El) were measured on the test pieoes. 
The results are shown m Table 1, 

Reference Example 1 

A mixture of 80 [Darts by weight of polyamide B produced in Synthesis E:-:ample 1 and 20 parts by 
weight of modified polymer A formed in Synthesis Example 2 was kneaded, and pelletized. Test pieces 
were fornned from the pellets thus obtained, and measurements of tensile strength at break (TS) and 
elongation at break (EL) were measured on these test pieces. The heat resistance of the resin compositions 
?o prepared in Examples 1 to 3 and Comparative Examples 1 to 4 were evaluated based on the tensile 
strength at break (TS) and elongation at break (EL) of these test pieces. 
The results are shown in Table 1, 

Comparative Examples 1 to 4 

25 

Example 1 was repeated except that polyamide 8 and nylons mentioned in Synthesis Example 3 were 
mixed m the proportions described below without using graft modified copolymer B to obtain pellets. Test 
pieces wer'e prepared from the pellets, and tensile strength at break (TS) and elongation at break (EL) were 
measured on the test pieces, 

20 



Connparative 
Ev. 1 


polyamide B; 
NY 1 1: 


80 parts by weight 
20 parts by we-tght 


Comparative 
Ex. 2 


polyamide B: 
NY 610: 


80 parts by weight 
20 parts by weight 


Comparative 
Ex. 3 


polyamide B: 
NY 11: 


60 parts by weight 
40 parts by weight 


Comparative 
E:<. 4 


polyamide B: 
NY 610: 


60 parts by weight 
40 parts by weight 



The results are shown in Table 1 



45 



50 



55 
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Table 1 





Before heat treatment 


After heat treatment 




TS (kg cm-^) 


EL (%) 


TS (kg cm^) 


EL (°o) 


Example 1 


540 


68 


550 


54 


E-ample 2 


560 


54 


570 


46 


E/ample 3 


630 


40 


660 


30 


Reference Example 1 


670 


54 


710 


25 


Comparative E<ample 1 


760 


32 


870 


17 


Cc'mparative Example 2 


890 


40 


920 


12 


Comparative E.'<ample 3 


730 


39 


740 


25 


Comparative Example 4 


790 


68 


850 


29 



E-ample 4 

20 A mixture of 60 parts by weight of polyamide A produced in Synthesis Example 1, 20 parts by weight of 

graft modified copolymer B produced in Synthesis Example 2 and 20 parts by weight of nylon 11 (NY 11) 
mentioned in Synthesis Example 3 was kneaded, and pelletized. 

Test pieces were formed from the thus obtained pellets by a procedure similar to that in Example 1. 
Tensile strength at break (TS) and elongation at break (namely, toughness, E!) were measured on the test 

25 pieces- 

Subsequently, test pieces formed by the same procedure as mentioned above were heated at 150°C 
for 24 hours, and tensile strength at break (TS) and elongation at break (namely, toughness. EL) were 
measured. 

The results are shown in Table 2. 

30 

E/ample 5 

E>ample 4 was repeated except that the amounts of polyamide A, graft modified copolymer B and 
nylon 11 (NY 11) were changed to 70 parts by weight, 20 parts by weight and 10 parts by weight, 
35 respectively, to obtain pellets. Test pieces were formed from the thus obtained pellets by a procedure 
similar to that m Example 1. Tensile strength at break (TS) and elongation at break (EL) were measured on 
the test pieces 

The results are shown in Table 2. 

40 Reference Example 2 



A mixture of 80 parts by weight of polyamide A produced in Synthesis Example 1 and 20 parts by 
weight of modified polymer B produced in Synthesis Example 2 was kneaded and pelletized. Test pieces 
were formed from the pellets thus obtained. Tensile strength at break (TS) and elongation at break (EL) 
4S were measured on the test pieces. The heat resistance of the compositions prepared in Examples 4 to 5 
and Comparative Example 5 was evaluated based on the tensile strength at break (TS) and elongation at 
break (EL) of these test pieces. 

The results are shown in Table 2. 

50 Comparative Eomple 5 



Example 4 was repeated except that a mixture of 80 parts by weight of polyamide A and 20 parts by 
weight of nylon 1 1 mentioned in Synthesis Example 3 without containing graft modified copolymer B was 
used to obtain pellets. Test pieces were formed from the pellets thus obtained. Tensile strength at break 
55 (TS) and elongation at break (EL) were measured on these test pieces. 

The results are shown in Table 2. 
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Table 2 





Before r^eat treatrr^ent 


After heat treatment 




TS (kg cm- ) 


EL (°o) 


TS (kg cm- ) 


EL t^o) 


ExafTiple 4 


580 


63 


620 


25 


E>ampl6: 5 


590 


50 


660 


22 


Re'ference Example 2 


730 


50 


870 


15 


Comparative Example 5 


980 


40 


11 20 


9 



It IS clear ^rom comparison of the data in Exarmples, Comparative Examples and Reference Example 
listed in Tabte 1 and Table 2 that lowering of elongation at break of molded articles, comprising the 
/5 thermoplastic resin composition of the invention (such as cc'nnectors). caused by heating can be decreased. 
Accordingly, the cor^nectors [iiofded from the resin composition of the invention tend not to lower their good 
elasticity and maintain necessary toughness even when heated. 

Exannples 6 to 11. Comparative Examples 6 to 8 



Polyamides (polyamtde A, B. C) prepared in Synthesis E>ample 1, graft nnodified copolymers (graft 
modified copolymer A, B, C. D) ri^entioned in Synthesis Example 2, nylon 6 (NY 6) and nylon 11 (NY 11) 
mentioned m Synthesis Example 3 and antioxidants mentioned below in the proportions listed in Table 3 
were mr<ed kneaded and peiletized to obtain pellets of resin compositions. 
25 AntMi'xidants used are as follows: 

phosphorus antiO<idant A: tetrakis(2,4-di-tert-butylphenyl)-4,4'-btsphenylene diphosphonite (trade name 
of Sandostab P-EPQ, manufactured by Sandot Co.. Ltd.); 

phosphorus antioxidant B: bis(2,6-di-tert-butyl-4-methyiphenyl)pentaerythritol diphosphite (trade name of 
Mark PEP-36. fTianufacture by Asahi Denka K.K.); 
30 an amine antioxidant: 4,4'-bis(a,a-dimethylbenzyl)diphenylamine (trade name of Norac CD, manufac- 

tured by Ouchi Shmkokagaku K.K.); and 

a phenolic antioxidant: 3,9-bts(2-[3-(3-tert-butyl-4-hydrO':y-5-methylphenyi)propionyl]-1 ,1 -dimethylethyl}- 
2,4,8.1 0-tetraoxaspiro[5,5]undecane (trade name of Sumiluer GA-80, manufactured by Sumitomo Kagaku 
K,K.). 

::^5 Test pieces were formed from the pellets thus obtained, and tensile strength, elongation at break, Izot 

impact strength at 23 °C (notched), flexural strength, fiexural modulus and heat distortion temperature were 
measured on tlie test pieces. Tensile strength and elongation at break were also measured on test pieces 
by a procedure similar to that described above and heating the test pieces thus obtained at 1 50 ' C for 24 
hours. The measurements were carried out by procedures as described below. 

40 The tensile strength (TS) was measured according to ASTM D 638. 

The elongation at break (EL) was measured according to ASTM D 638. 

The Izod impact strength of notched test pieces was measured at 23 ° C according to ASTM D 256. 
The fle:*ural strength was measured according to ASTM D 790. 
The fte/ural modulus was measured according to ASTM D 790. 
45 The heat distortion temperature (HDT) was measured according to ASTM D 648. 

The results are shown in Table 3. 
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Table 3 



1 Ex . 6 


Ex . 7 


Ex . 8 


Ex . 9 


Ex.10 


Ex.11 


Polyamide A 


- 


- 


70 


- 


- 


- 


Polyamide B 


75 


75 


— 


75 


75 




Polyamide C 

( 


— 










/ U 


' _____ . 

Graft modified polymer A 


- 


- 




— 


10 




Graft modified copolymer B 


20 




Z U 






z u 


Graft modified ccpolynier C 


- 


Z (j 










Graft m.odified copolymer D 








1 D 


1 U 




Polyamide NY 6 


• — 

- 


5 


- 


- 


- 


10 


Polyamide NY 11 






10 


1 0 


5 




Phosphorus type antioxidant A 




- 


- 


0 . 5 


0 . 5 


0 . 5 


Phosphorus type antioxidant B 


0 . 5 


- 


0 . 5 


- 


- 


- 


Am T n t" \/TK^ Ant" ioxifiant 




- 


- 


- 


0 . 5 


- 


Phenolic antioxidant 


_ 


- 


0.5 


0 . 5 


- 


- 


TS (kg/cm^) 


5 60 


620 


590 


610 


610 


740 


EL (%) 




44 


55 


65 


46 


65 


Flexurai strength (kg/om^) 


7 GO 


810 


850 


900 


910 


1130 


Flexural modulus {kg/.-m^') 


17000 


19800 


20900 


21300 


21000 


26100 


Impact strength (kg/cm- cm) 


1 61 


105 


14 


23 


19 


14 


HDT {"^O 


1 


93 


96 


87 


92 


91 


After heat treatment 














TS (kg/'2m^) 


570 


650 


630 


640 


630 


760 


EL (^) 


1 


35 


30 


48 


31 


43 



Claims 

1. A thermoplastic resin composition comprising 

(A) an aromatic polyamide comprising 

dicarboxylic acid units comprising 50-100 mol% of units derived from terephthalic acid, and 0-50 
mol% of units derived from an aromatic dicarboxylic acid other than terephthalic acid and or an 
aliphatic dicarboxylic actd having 4-20 carbon atoms, and 

diamine units derived from an aliphatic diamine and or an alicyclic diamine, 

said aromatic polyamide having an intrinsic viscosity of 0.5-3.0 di g as measured in cone, 
sulfuric acid at 30 ' C and a melting point of higher than 300 ' C, 

(B) a graft modified a-olefin polymer, and or a graft modified aromatic vinyl hydrocarbon conjugated 
diene copolymer or hydrogenated product thereof, and 

(C) an aliphatic polyamide, 

wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft 
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•■'^L:iifioo u-L.ofiM [jC'yfT^er ar^o :r ir^ -ran 'T^C:a:fiod arcjTiat^c ..ny: '-^yOrccarccr .:cr .L.-;ja:e':^ 0:erie 
:opolyrT^er or hydrogenated product thereof (B) ar^d 5-80 parts by weight of the anphatio poiyamioe 

(C) , based or 100 parts by weignt o-f the aromatio pC' ly arm ide (A). 

b 2. A ti^omnciplastlc resin composition comprising 
{A) an aromatic poiyamide comprising 

dicarbo^yiic acid units corTiprising 50-100 mol^o of units derived from terephthahc acid, and 0-50 
f7iol°o of units aerived from an aromatic dtcarboxyhc acid other than terephthanc acid and or an 
aliphatic dicarboxyiic acid having 4-20 carbon atoms, and 

diamine units derived from an aliphatic diamine and or an alicyclic diamine, 

said aromatic poiyamide having an intrinsic viscosity of 0,5-3.0 d! g as nneasured in cone, 
sulfuric acid at 30 ' C and a melting point of higher than 300 ' C. 

iB) a graft moddiOd a-olefin polyrTier, and or a graft modified aromatic vinyl hydrocarbon conjugated 
dtene copotymor or hydrogenated product thereof, 
iC) an aliphatic pofyamide, and 

(D) a phosphorus antioxidant 

wherein said thermoplastic resm composition comprises 10-80 parts by weight of the graft 
modified a-olefm polymer, and or the graft modified aromatic vinyl hydrocarbon conjugated diene 
copolyrrier or hydrogenated product thereof (B) and 5-80 parts by weight of the aliphatic poiyamide 
20 (C). based on lOO parts by weight of the aromatic poiyamide (A), and 0.05-2 parts by weight of the 

phosphorus antioxidant (D) based on 100 parts by weight of the total sum of the components (A), (B) 
and (C), 

3. A connector forme^d from a thermoplastic resin composition comprising 
2i) (A) an aromatic poiyamide comprising 

dicarboxyiic acid units comprising 50-100 mo\°'o of recurring units derived from terephthahc 
acid, and 0-50 moTo of ur^its derived from an aromatic dicarboxyiic acid other than terephthahc acid 
and or an aliphatic dicarboxyiic acid having 4-20 carbon atoms, and 

diamine units derived from an a!iphatic diamine and or an alicyclic diamine. 
30 said aromatic pC'lyamide having an intrinsic viscosity of 0.5-3.0 dl g as measured in cone, 

sulfuric acid at 30 ' C and a melting point of higher than 300 ' C, 

(B) a graft modified a-otefin polymer, and or a graft modified aromatic vinyl hydrocarbon conjugated 
diene copolymer or hydrogenated product thereof, and 

(C) an aliphatic poiyamide, 

35 wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft 

nnodified a-olefin polymer, and or the graft modified aromatic vinyl hydrocarbon conjugated diene 
copolymer or hydrogenated product thereof (B) and 5-80 parts by weight of the aliphatic poiyamide 

(C) , based on 100 parts by weight of the aromatic poiyamide (A). 

40 4. A cc'nnector formed from a thermoplastic resin composition for preparing connectors comprising 

(A) an aromatic poiyamide comprising 

dicarboxyiic acid units comprising 50-100 mol'^o of units derived from terephthahc acid, and 0-50 
mol^o of units derived from an aromatic dicarboxyiic acid other than terephthahc acid and or an 
aliphatic dicarboxyiic acid having 4-20 carbon atoms, and 
45 diamine units derived from an aliphatic diamir^e and or an alicyclic diamine, 

said aromatic poiyamide having an intrinsic viscosity of 0.5-3.0 dl g as measured in cone, 
sulfuric acid at 30 ° C and a melting point of higher than 300 ° C, 

(B) a graft modified a-olefm polymer, and or a graft modified aromatic vinyl hydrocarbon conjugated 
diene copolymer or hydrogenated product thereof, 

50 (C) an aliphatic poiyamide. and 

(D) a phosphorus typo antioxidant 

wherein said thermoplastic resin composition comprises 10-80 parts by weight of the graft 
modified a-olefin polymer, and or the graft modified aromatic vinyl hydrocarbon conjugated diene 
copolymer or hydrogenated product thereof (B) and 5-80 parts by weight of the aliphatic poiyamide 
55 (C), based on 100 parts by weight of the aromatic poiyamide (A), and 0.05-2 parts by weight of the 

phosphorus type antioxidant (D) based on 100 parts by weight of the total sum of the components 
(A). (B) and (C). 
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(5^) Disclosed is a thernnoplastic resin connposition 
connprising 

(A) an aromatic polyannide connprising 

dicarboxylic acid units comprising 50-100 
mol% of units derived from terephthalic acid, and 
0-50 moi°o of units derived from an aromatic 
dicarboxylic acid other than terephthalic acid 
and or an aliphatic dicarboxylic acid having 4-20 
carbon atoms, and 

diamine units derived from an aliphatic dia- 
mine and or an alicycfic diamine, 

said aromatic polyamide having an intrinsic 
viscosity of 0.5-3.0 dl g as measured in cone, 
sulfuric acid at 30 'C and a melting point of 



higher than 300^ C, 

(B) a graft modified a-olefin polymer, and or a 
graft modified aromatic vinyl 
hydrocarbon conjugated diene copolymer or hy- 
drogenated product thereof, and 

(C) an aliphatic polyamide. 

wherein said thermoplastic resin composition 
comprises 10-80 parts by weight of the graft 
modified a-olefin polymer, and or the graft modi- 
fied aromatic vinyl hydrocarbon conjugated diene 
copolymer or hydrogenated product thereof (B) 
and 5-80 parts by weight of the aliphatic 
polyamide (C), based on 100 parts by weight of 
the aromatic polyamide (A). 
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